Abstract: The paper analyzes the impacts of the spruce forest on precipitation interception and evolution of snow cover in the mountain catchment of the Jalovecký creek, the Western Tatra Mountains, Slovakia. Both processes were monitored at the elevation of 1420 m a.s.l. . Interception was measured from the end of August 2006 until November 2008 by a network of 13 raingauges. Mean interception over the studied period in forest window was 23%. Mean values for the dripping zone under tree branches, near stems of the trees and under the young trees were 28%, 65% and 44%, respectively. With exception of forest window, the interception at the same characteristic positions was highly variable. Calculated daily precipitation thresholds needed to fulfill the storage capacity of the canopy were about 0.8-0.9 mm. 
Introduction
The role of forests in hydrological cycle has been recognized a long time ago. It can be said that experimental hydrological research in small catchments has been initiated by the interest in explanation the role of forests in determination of hydrological response of a catchment. For that purpose the first experimental catchments have been set up in 1900 (Engler 1919) . Forests as well as other vegetation participate in the hydrological cycle directly through its influence on interception, energy balance, evapotranspiration and soil (infiltration). The influence of forests on increasing precipitation has also been mentioned in some studies, although this role cannot be universally recognized (Shiklomanov & Krestovsky 1988) . Indirect influence of forests on hydrological cycle is mainly connected with their impacts on climate.
Numerous studies on the role of forest in hydrological cycle were conducted worldwide over the last century. The overview of the results from former Soviet Union was presented by Shiklomanov & Krestovsky (1988) . Additional international studies were recently summarized e.g. by Jewitt (2005) and Chang (2006) . History of forest hydrology including some myths connected with the role of forests in hydrological cycle were described, e.g. by McCulloch & Robinson (1993) and Calder (2004) . Overview of studies focused on the influence of forests on runoff was recently presented e.g. by Kostka & Holko (2006) . Forest interception was studied by a number of foresters and hydrologists also in Slovakia or former Czechoslovakia (e.g. by Zelený 1970; Krečmer & Fojt 1981; Kantor 1983; Majerčáková 1983; Pekárová et al. 2005) . Influence of forest on snow cover was studied in Slovakia (Czechoslovakia) e.g. by Zelený & Tichý (1968) , Babiaková and Kozlík (1969) , Hríbik et al. (2007) . Evaluation of paired open area-forest snow courses was published by Stehlík & Bubeníčková (2002) .
The objectives of this paper were: -estimation of spruce interception of the high mountain forest in the Western Tatra Mountains including the description of its on-site (small-scale) spatial variability -description of the snow depth (SD) and snow water equivalents (SWE) differences in the spruce forest and nearby open area -simulation of SWE for the forest and open area by means of the energy-based snow model
Material and methods
The study site was situated in the Jalovecký creek catchments, the Western Tatra Mountains, Slovakia (Fig 1A) .
Interception of spruce forest was measured by a network of 13 raingauges at a research plot situated at altitude of 1420 m a.s.l. The area of the plot is 0.1 ha and its c 2009 Institute of Botany, Slovak Academy of Sciences Impact of spruce forest on rainfall interception and snow cover evolution prevailing slope is 65%. The plot contains 62 trees. Modified versions of the standard raingauges METRA (orifice 500 cm 2 ) were used in the study. One raingauge was installed in the open area. Nine raingauges were installed at selected locations in the old spruce forest (mean age 110 years, mean height 18 m). The locations were chosen with respect to biometric characteristics of the old trees to measure precipitation near the stem, under the branches (the dripping zone) and in the windows among the trees. Three raingauges were situated at each of these characteristic locations (i.e. together 9 raingauges). The last three raingauges were situated in the young forest (mean age 20 years). Measurements started at the end of August 2007. In the warm period of the year (spring-autumn) they were performed approximately once per 2 weeks at all 13 raingauges. The raingauges were connected with plastic bottles which collected precipitation between the measurement dates to avoid evaporation. In winter the precipitation was measured only at open area and at one site representing the near-stem precipitation, the dripping zone and the forest window, i.e. in 4 raingauges only. Winter measurements were performed once per month. Precipitation in the young forest was not measured in winter.
Interception in this study is understood as precipitation, which did not reach the ground beneath the spruce trees. It was calculated from measurements in the forest and at open area and expressed in percents. Precipitation measurements could not have been performed daily due to remoteness of the research plot. Yet, except interception, we wanted to estimate also the values of precipitation threshold needed to fulfill the storage capacity of vegetation. Daily thresholds were calculated for each measurement date in the warm period of the year (spring-autumn) using the equation developed for the monthly data by de Groen & Savenije (2006) :
where Im is monthly interception, Pm is monthly precipitation (at the open area), D is the daily threshold, nr is number of rainy days in a month. Mean values of Im were calculated for each characteristic position (forest window, dripping zone, near-stream zone, young forest) and each date, although time interval in our case was not one month, but about two weeks. Numbers of rainy days were taken from the measurements of the tipping bucket raingauge situated at the near meteorological station (Fig. 1B) . Since Im and Pm were known from measurements, D could have been calculated from equation (1). Snow characteristics, namely snow depth (SD) and water equivalent (SWE) were measured from winter 2003 at two snow courses. The first one is situated in the spruce forest described above and shown in Fig. 1A . The second one is situated in the nearby open area at altitude 1500 m a.s.l. (Fig. 1B) . Twenty measurements of SD and three measurements of snow density were made at each snow course. Mean values of SD and SWE were then calculated for each course.
Snow water equivalents in the forest and at the open area were simulated for winters 2006 and 2007 by the energybased snow model UEB (Utah Energy Balance Snow Accumulation and Melt Model). Detailed description of the model, which is beyond the objectives of this paper, can be found in Tarboton & Luce (1998) . The purpose of modeling was to test whether the model is capable to simulate the evolution of SWE also in the forest. The model was run in a daily time step. Daily input data (most important being precipitation and air temperature) were prepared on the basis of measurements from the meteorological station shown in Fig. 1B .
Results and discussion

Interception of precipitation
Annual values of interception in forest window, dripping zone and the near-stem zone in hydrological year 2007 were 30%, 24% and 56% respectively. Annual values in hydrological year 2008 for the same characteristic positions were 25%, 15% and 30%. As it was expected, the smallest annual interception was measured in the dripping zone followed by the window and near stem locations. While the interannual differences for forest window and the dripping zone were within the interval of 10%, the difference for the near-stem interception was very large (26%).
The above-mentioned annual values were based only on one raingauge in each of the characteristic positions. Spatial variability of interception at the same characteristic positions based on 3 measurements could have been evaluated only for the warm periods of the years (Table 1) . The measurements showed high variability of interception at each position, which is confirmed also by Fig. 2 . The smallest variability was found in forest window. At other positions (dripping zone, near-stem zone and the young treeszone) the variability often reached tens of percents. Occasionally, precipitation in the dripping zone and even near the stems of the trees was higher than in the open area. The biggest increase of precipitation in the dripping zone with respect to open area was 60%. However, other two raingauges in the dripping zone had on the same date just 10-20% more precipitation than the open area. Correctness of such findings should be validated by further measurements.
Mean annual interception and its mean spatial variability at characteristic positions are useful for comparisons with values from other regions. However, for practical applications, e.g. in the rainfall-runoff modeling, it may be more important to know what is the spatial distribution of precipitation in the studied forest, i.e. the statistics of interception during individual precipitation events (Table 2) .
The dependence of interception on the amount of precipitation is shown in Fig. 3 . Except forest window, the interception generally decreases with increasing precipitation, although the relationships are not very tight. The best correlation was found for the young trees. The results presented in Fig. 3 are in agreement with expectations. Forest windows have the least obstacles to falling precipitation. Therefore, it can be expected that interception would not be so dependent on precipitation amount. Increasing density of the vegetation (dripping zone, near-stem positions, and young trees) should be connected with higher precipitation amounts needed to decrease the interception.
Mean values of the daily threshold precipitation needed to fulfill the storage capacity of the spruce forest at the research plot calculated from equation (1) Snow measurements shown in Fig. 4 allowed also the estimation of maximum increase and decrease of SWE and SD during the winter. Frequency of measurements is clear from Fig. 4 . The highest observed increase of SD at the open area was 66 cm in about two weeks. Simultaneous increase of SD in the forest was 62 cm. As much as 179 mm of snow was observed to melt in 4 days at the open area. Maximum measured snowmelt in the forest reached 98 mm in 3 days. Both these values were observed at the end of snowmelt period. In both cases the rainfall occurred.
Correlations between SD and SWE in the open area in the forest resulted in the following equations:
where n is number of pairs, R 2 is coefficient of determination.
The above linear regression explained about 90% of variations. SD in the forest is on the average by about 22 per cent smaller than at the open area. SWE in the Fig. 5 . It can be seen that the UEB model provided satisfactory simulations of SWE not only at the open area, but also in the forest. It should be noted that model parameters were calibrated individually for each year. The differences between calibrated parameters for the two winters were not big. It can be therefore expected that the model could provide reasonable results also for the longer period of several winters.
We can conclude that forest interception has important impact on hydrological balance. Consequently, it should also be considered in hydrological modeling (e.g. Komorníková et al., 2008) . Presented study represents to our knowledge the first interception study at higher elevations in the Western Tatra Mountains. We have focused on highlighting the variability of interception at characteristic positions in the forest (forest window, dripping zone, near-stem zone, young forest), which was not considered in most hydrological studies. It was shown that the variability of interception reaches tens of percents. Annual values of interception which are typically reported as results of interception studies can therefore be useful only in the water balance studies. Hydrological modeling, which is mostly based on the short time data (e.g. daily) should take into account variable interception. This is a big challenge for further research. We hope our results could be useful in preparation of scenarios of the input precipitation for the rainfall-runoff modeling in forested catchments.
Apart from evaluation of forest influence on SD and SWE at the study site we have also tested the ability of the energy-based snow model UEB to simulate the evolution of SWE in the forest. The simulations provided very reasonable results. They confirmed that if suitable input and validation data exist, the SWE variability during the season can be simulated fairly well. Practical application of the model should be based on further validation in seasons which were not used during calibration.
